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ABSTRACT
Turmeric extract (0.5%) was applied to Sepia brevimana muscle to investigate its effects on muscle
sensory evaluation, biochemical parameters, microbiological proliferation, and biogenic amine (BA)
formation during storage at 4°C for 18 days. Sensory evaluation determined the shelf life of S.
brevimana muscle to be 12 days for the controls and 15 days for the turmeric-treated samples. The
biochemical quality index differences were significant in all instances, and the values were improved
in the turmeric-treated samples compared to the control samples. Most microbiological counts were
higher in the control samples than in the turmeric-treated samples after day 3. Additionally, the
turmeric extract showed an inhibitory effect against some potential BA-forming bacteria. In conclu-
sion, this study revealed the ability of turmeric extract to improve the shelf life and quality of S.
brevimana muscle during chilled storage.
Efecto de la cúrcuma (Curcuma longa) en la extensión de la vida útil y el control
de aminas biógenas en sepia (Sepia brevimana) durante su almacenamiento
refrigerado
RESUMEN
Extracto de cúrcuma (0,5%) fue aplicado a músculo de Sepia brevimana con el fin de investigar sus
efectos sobre la calidad sensorial, parámetros bioquímicos, calidad microbiológica, y la formación de
aminas biogénicas durante 18 días de almacenamiento a 4°C. La evaluación sensorial determinó que
la vida útil del músculo de S. brevimana alcanzó 12 días en el caso de los controles y 15 días para las
muestras tratadas. Los parámetros relativos a la calidad bioquímica, fueron significativamente
mejores en todos los casos en las muestras tratadas. La mayor parte de los parámetros
microbiológicos mostraron mayores recuentos en las muestras controles en comparación con las
muestras tratadas después del día 3. Además, el extracto de cúrcuma mostró un efecto inhibidor
frente al desarrollo de bacterias potencialmente productoras de aminas biógenas. En conclusión,
este estudio demostró que el extracto de cúrcuma mejora la vida útil y la calidad del músculo de S.
brevimana durante el almacenamiento refrigerado.
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The global cuttlefish catch has increased rapidly in recent
years due to growing market demand from their increased
consumption in countries that traditionally have not con-
sumed them (FAO, 2007). However, similar to other marine
fish, squid and cuttlefish are highly susceptible to rapid
spoilage at ambient temperature and consequently are
often preserved on ice or refrigerated to delay spoilage.
The rate of deterioration during the storage of fish and
fishery products varies with species, substrate concentration,
metabolites in the tissues, microbial type and load, and
storage conditions after catching (Aubourg, Losada,
Gallardo, Miranda, & Barros-Velázquez, 2006).
The shelf life of fish can be estimated by sensory, micro-
biological, or chemical methods. Among chemical para-
meters, biogenic amines (BAs) are basic nitrogenous
compounds of low molecular weight, which are mainly
produced through the bacterial decarboxylation of specific
amino acids in seafood products (Chong, Abu Bakar, Russly,
Jamilah, & Mahyudin, 2011). Low levels of BAs in aquatic
products do not present a serious risk to human health
because amine oxidases in the human intestine can rapidly
detoxify amines. However, the ingestion of aquatic foods
containing high levels of BAs may result in severe toxicolo-
gical symptoms (Mohamed, Abd Ei-Hameed, Nezam El-Din, &
El-Din, 2010). Of all BAs, histamine and tyramine are the
most dangerous for human health when their levels are
high (Hu, Huang, Li & Yang, 2012). The continued consump-
tion of these BAs causes a wide variety of symptoms, such as
nausea, respiratory distress, vomiting, allergy, itching, burn-
ing sensations in the mouth, heart palpitations, headache,
and hypertension or hypotension (Chong et al., 2011). The
temperature, pH, water activity, and storage time mainly
influence BA formation in fish and fishery products during
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postharvest processes (Chong et al., 2011). Previous research
has determined that many bacterial species are known to
possess histidine decarboxylase and produce histamine and
other BAs (Fernandez-No, Bohme, Gallardo, Velazquez,
Canas, & Mata, 2010; Kim, Mah, & Hwang, 2009). Although
cephalopods are not commonly implicated as are some fish
families such as Scombridae and Scomberesocideae, the
presence of BAs has received attention in recent years (Hu
et al., 2012; Kim et al., 2009; Prester, 2011).
BA formation can be controlled by inhibiting microbial
growth and the decarboxylase activity of microbes, as well
as by controlling several parameters such as the use of
amine-oxidizing starter cultures for fermentation, enzymes
to oxidize amines, packaging techniques, irradiation, or food
additives (Naila, Flint, Fletcher, Bremer, & Meerdink, 2010).
The use of natural preservatives, such as turmeric, garlic, and
other spices, for marine seafood preservation has received
immense interest among researchers. Moreover, the seafood
industry is searching for natural preservatives to avoid
adverse effects on fish meat and to extend shelf life (Gul &
Bakht, 2015). Turmeric (Curcuma longa) is one of the spices
most widely used as a preservative and as a color, antiseptic,
anticancer, wound healing, and antibacterial agent in biolo-
gical systems worldwide.
Like many fish species, cuttlefishes are prone to rapid
spoilage (Prester, 2011). In contrast to fish, the enhancement
of shelf life and BA formation control in cephalopods using
food additives, such as turmeric, has not been well estab-
lished. Hence, this study aimed to investigate the dual effect
of temperature and turmeric to control the formation of BA
and enhance the shelf life of S. brevimana. In addition, the
antibacterial effect of turmeric was tested against biogenic
amine-forming bacteria (BAF).
Materials and methods
Sample collection, treatment, and storage
Twenty shortclub cuttlefish (S. brevimana) samples (average
545.14 ± 32.38 g weight and 28.43 ± 0.89 cm total length)
were collected from the Thondi coast, Palk Bay, southeast
India and brought to the laboratory within 15 min in sterile
polyethylene bags containing ice. The rhizomes of turmeric
(C. longa) were powdered and diluted with triple-deionized
water. Ten S. brevimana samples were washed in tap water,
beheaded, eviscerated, and then washed thoroughly again
in potable water and divided into two lots. One lot was
given a dip treatment in 0.5% (w/v) turmeric extract for
30 min and another lot received no turmeric treatment, as
a control. The samples were then placed in separate low-
density polyethylene covers, sealed, and placed into a poly-
propylene box with ice that was maintained at 4°C (18 days)
in aseptic conditions. The samples were analyzed for sensory
attributes, microbiological quality, and chemical changes
during chilled storage.
Sensory determinations
The sensory analysis of S. brevimana was based on the
quality index method (QIM), as per Vaz-Pires and Seixas
(2006). The samples were divided into four categories: high
quality (0), good quality (1), fair quality (2), and unacceptable
quality (3). The samples were individually scored by five
panelists who stated whether the S. brevimana samples
were acceptable. Samples were considered unacceptable
when reaching a total score higher than 12 (scale 0–17).
Any samples rejected by the sensory panelists were not
further analyzed.
Biochemical analysis
The total volatile base nitrogen (TVB-N) and trimethylamine-
nitrogen (TMA-N) contents of the S. brevimana samples were
measured by Conway’s dish method (Cobb, Aonaiz, &
Thompson, 1973). For TVB-N, each ground sample (10 g) of
S. brevimana meat was extracted with 20 ml of 6% trichlor-
oacetic acid (TCA) and filtered through filter paper. The TCA
extract of the S. brevimana samples was absorbed by boric
acid and then titrated with 0.02 N HCl. The TVB-N content
was expressed as mg/100 g. For TMA-N, 1 ml of 10% potas-
sium carbonate was added to the TCA extract, and neutra-
lized formalin was pipetted into the solution to react with
ammonia, thereby allowing only the TMA-N to diffuse over
the unit. The TMA-N content was expressed as mg/100 g.
Lipids were extracted from the white muscles of S. brevi-
mana as described by Bligh and Dyer (1959), using a single-
phase solubilization at a 1:1 chloroform-to-methanol ratio. The
results were expressed as g lipid/kg of muscle. The free fatty
acids’ (FFAs) content of the lipid extracted from themuscle was
determined according to Lowry and Tinsley (1976). This
method is based on the formation of an FFA/cupric acetate–
pyridine complex and spectrophotometric (UV-VIS 2450 spec-
trophotometer, Shimadzu, Tokyo, Japan) measurement at
715 nm. The results were expressed as % oleic acid.
Lipid oxidation was determined by the peroxide value
(PV) and thiobarbituric acid index (TBA-i). The PV was deter-
mined using peroxide reduction and ferric thiocyanate treat-
ment of the lipid extract, according to Chapman and Mckay
(1949). The results were expressed as meq active oxygen/kg
lipid. The TBA-i was determined according to Vyncke (1970),
based on the reaction between a TCA extract and TBA. The
content of TBA-reactive substances was measured spectro-
photometrically at 532 nm and calculated from a standard
curve using 1,1,3,3-tetraethoxy-propane (TEP). The values
were expressed as mg malondialdehyde (MA)/kg of muscle.
Microbiological analysis
S. brevimana samples (10 g) were aseptically dissected and
homogenized with sterile 0.1% peptone water (HiMedia,
Mumbai, India) in a stomacher. Serial dilutions were per-
formed using sterile 0.1% peptone water and microbiologi-
cally analyzed. Total aerobic mesophilic bacteria (TVMC) and
total aerobic psychrophilic bacteria (TCPC) were determined
after growing on plate count agar (HiMedia) and incubating
at 30°C for 72 h and 7°C for 7 days, respectively (Garcia-Soto
et al., 2015). All growing colonies were considered as target
bacteria and counted. Enterobacteriaceae were grown on red
bile glucose agar (HiMedia). The plates were incubated at 37°
C for 24 h, and Enterobacteriaceae were identified as red
colonies and counted. Pseudomonas sp. were determined
by surface plating on Pseudomonas F agar (HiMedia) and
incubated at 35°C for 48 h. Colonies that were cream, fluor-
escent, or green in color were counted. BAF was determined
by surface plating on modified Niven’s medium (Mavromatis
& Quantick, 2002) and subsequent incubation at 37°C for
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72 h. The plates were examined every 24 h for the presence
of purple colonies surrounded by purple halos on a yellow-
ish background.
BA analysis
The BA analysis was carried out using the method of Chen,
Lee, Lin, Hwang, and Tsai (2010), with minor modifications.
Tryptamine hydrochloride (83.22 mg), putrescine dihy-
drochloride (113.32 mg), cadaverine dihydrochloride
(107.52 mg), spermine trihydrochloride (109.52 mg), spermi-
dine tetrahydrochloride (109.52 mg), histamine dihy-
drochloride (104.62 mg), and tyramine hydrochloride
(85.22 mg) (Sigma-Aldrich, St. Louis, MI, USA) were used to
prepare the BA solutions. Standards were dissolved in 50 ml
of 0.1 M HCl and used as the working solution. The final
concentration for each amine in solution was 1 mg/ml.
Each S. brevimana sample was ground in a Waring blen-
der for 3 min. The ground samples (5 g) were transferred to
50 ml centrifuge tubes and homogenized with 20 ml of 6%
TCA for 3 min. The homogenates were centrifuged using a
REMI CPR-30 plus centrifuge (Vasai, India) at 10,000 g at 4°C
for 10 min and filtered through Whatman no. 2 filter paper
(Whatman, Maidstone, UK). The filtrates were then placed in
volumetric flasks, and TCA was added to bring the final
volume to 50 ml. Aliquots (1 ml) of S. brevimana extract
and the standard amine solution were derivatized with dan-
syl chloride (Sigma-Aldrich, USA) using 1 ml of each free
base amine solution containing 1 mg/ml. Next, 0.2 ml of
2 M sodium hydroxide and 0.3 ml of saturated sodium
bicarbonate were added, followed by 2 ml of 1% dansyl
chloride dissolved in acetone. The solution was then vor-
texed for 1 min. The mixture was allowed to stand at 40°C
for 45 min, after which 100 µl of ammonia was added, and
the solution was allowed to stand for 30 min. Acetonitrile
was added to a final volume of 5 ml, and the solution was
centrifuged (10,000 g at 4°C for 5 min). The supernatant was
filtered through a 0.45 µm filter and then analyzed by high
performance liquid chromatography (HPLC).
Chromatographic conditions included an HPLC instru-
ment (Hitachi, Tokyo, Japan) consisting of a model L-7100
pump, a Rheodyne model 7125 syringe loading sample
injector, a model L-4000 UV-vis detector (set at 254 nm),
and a model D-2500 chromatointegrator. A LiChrospher
100 RP-18 reversed phase column (5 µm, 125 × 4.6 mm,
Merck, Darmstadt, Germany) was used for chromatographic
separation. The flow rate was 1 ml/min, and the gradient
elution program began with 50:50 (v/v) acetonitrile:water for
19 min, followed by a linear increase to 90:10 and then a
decrease to 50:50 during the next 1 min, where it was held
for 10 min. The total separation took 30 min, and the gra-
dient was run for 25 min to ensure full separation. The
injection volume was 5 µl for standards and 20 µl for test
samples.
Statistical analysis
All of the analyses were performed in triplicate. Chemical
parameters, BA concentrations, and microbial analysis were
calculated from the data obtained from the treated and con-
trol samples at each storage time. Analysis of variance was
carried out using OriginPro version 8 software (OriginLab
Corporation, Northampton, MA, USA). Duncan’s multiple
range test was used to determine any statistically significant
differences between mean values of the experimental data of
the treatments at the significance level p < 0.05.
Results and discussion
Sensory evaluation
The QIM scores for turmeric-treated and control S. brevimana
samples are shown in Figure 1. Sensory deterioration was
rapid in the control samples, and their overall sensory assess-
ment reached the rejection QIM score (14.1) on day 12 due
to the presence of unpleasant odors and severe ocular,
muscular, and skin deterioration. Contrariwise, S. brevimana
treated with turmeric extract received good quality scores,
showed good characteristics, and reached the rejection QIM
score (13.4) on day 15. The results indicated that treatment
with turmeric extract was highly effective in delaying the
spoilage indices and extending the shelf life of S. brevimana
by 3 days compared to the control samples. These results are
better than Vaz-Pires et al. (2008), who analyzed the sensory
score of cuttlefish (S. officinalis) and broadtail shortfin squid
(Illex coindetii) stored at 2°C for 13 days. S. officinalis and I.
coindetii flesh maintained good quality for 7–8 days, and
spoilage was noticed at day 10 for S. officinalis and day 9
for I. coindetii. Previous studies reported that the preserva-
tive action of turmeric extract could be due to the presence
of essential oils, curcumins, curcuminoids, turmeric oil, tur-
merol, and valeric acid, which are the major phenolic com-
pounds in turmeric (Basniwal, Butter, Jan, & Jain, 2011), with
potential antibacterial and antioxidant activity (Gul & Bakht,
2015; Sathishkumar et al., 2015).
Biochemical determinations
The initial TVB-N content of the controls and turmeric-treated
samples was 11.2 mg/100 g, and subsequent changes in TVB-N
Figure 1. Changes in the overall acceptability score of turmeric-treated and
control samples of S. brevimana during ice storage (average ± SD).
Figura 1. Cambios en la aceptabilidad general en las muestras de S. brevi-
mana controles y tratados con extracto de cúrcuma durante el almacena-
miento refrigerado (media ± SD).
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content in the samples stored at 4°C are shown in Table 1. The
TVB-N content of S. brevimanamuscle in control and turmeric-
treated samples increased significantly during storage to reach
final values of 43.68 and 33.6 mg/100 g, respectively, on their
maximum rejection days (day 12 in control samples and day 15
in treated counterparts). Starting from day 9, the control sam-
ples had a significantly higher TVB-N content than treated
samples. This could be attributed to the preservative effect of
the turmeric extract, inhibiting bacterial growth and thus vola-
tile base formation during spoilage. A previous report stated
that a TVB-N of 30–35mg/100 g fish is generally considered the
maximum limit of acceptability for ice-stored marine fish
(Soltanian, Behnam, Anvari, Rezaei, & Safari, 2015), which
mainly depended on the fish species, specific treatments, and
processing conditions.
TMA is derived from trimethylamine oxide (TMAO) and is
essential for osmoregulation in marine fish. During spoilage,
TMAO is reduced to TMA by enzymatic activity (Cai et al.,
2014; Viji et al., 2015). During storage (Table 1), the TMA-N
value increased significantly from an initial 0.6 mg/100 g to
final values of 16.8 and 14.7 mg/100 g, respectively, for
controls and turmeric-treated samples – significantly higher
for the control samples. Thus, the results indicated that the
turmeric extracts were effective at inhibiting the decarbox-
ylation of TMAO to TMA by the action of bacteria. According
to Vaz-Pires et al. (2008), a low TMA content of 0.2–10 mg/
100 g was found in cuttlefish, while 0.1–8.4 mg/100 g was
detected in shortfin squid after 18 days of ice (2°C) storage.
The limit of TMA in marine foods for human consumption is
10–15 mg/100 g (Ozogul, Kuley, Kenar, 2011).
The FFAs significantly increased as storage progressed
(Table 1), from an initial 0.96% to 5.76% and 5.20% in the
control and treated samples, respectively, at day 18 of storage.
Thus, the rate of lipid hydrolysis was higher in the treated
samples than in the controls. Previously, Viji et al. (2015)
observed that the increase in FFA amount during storage
might be attributed to the hydrolysis of triglycerides and phos-
pholipids, mediated by endogenous and/or microbial lipolytic
enzymes. Other preservative agents, such as citric and lactic
acids, had an inhibitory effect on lipid hydrolysis during chilled
storage of megrim (Lepidorhombus whiffiagonis), according to
Aubourg, Garcia-Soto, Bohme, and Barros-Velazquez (2014).
The variations in PV during storage of the control and
turmeric extract-treated samples are shown in Table 2. The
initial PV was 0.56 meq O2/kg, and there was no significant
difference between the control and treated samples until
day 9. Similar to these findings, Sathishkumar et al. (2015)
observed that turmeric-containing curcuminoids are natural
antioxidants, which effectively control PV development.
TBA-i is widely used to indicate the extent of secondary lipid
oxidation in seafood. The TBA-i values of the control and
treated samples during chilled storage are shown in Table 2.
The results indicate that the TBA-i values of the control and
treated samples increased gradually from 0.46MA/kg in fresh S.
brevimana to 2.16MA/kg at day 12 and 2.78MA/kg at day 15 of
storage, respectively, and showed a decreasing trend
Table 1. Total volatile base nitrogen (TVB-N), trimethylamine-nitrogen (TMA-N), and free fatty acid (FFA) values of turmeric-treated and control samples of
cuttlefish during 18 days of ice storage.
Tabla 1. Nitrógeno básico volatil total (TVB-N), nitrógeno de trimetilamina (TMA-N) y ácidos grasos libres (FFA) en muestras controles y tratadas con extracto de
cúrcuma almacenados en refrigeración durante 18 días.
TVB-N (mg/100 g muscle) TMA-N (mg/100 g muscle) FFA (% oleic acid)
Storage days C T C T C T
0 11.0 ± 0.90a 11.0 ± 0.90a 0.76 ± 0.12a 0.76 ± 0.12a 0.89 ± 0.08a 0.96 ± 0.00a
3 20.30 ± 0.61a 14.33 ± 0.69a 3.56 ± 0.12b 1.76 ± 0.24b 1.73 ± 0.0b 1.25 ± 0.02b
6 23.53 ± 1.14b 17.43 ± 0.49b 4.2 ± 0.08a 2.43 ± 0.12a 1.94 ± 0.05a 1.94 ± 0.01a
9 30.4 ± 2.04a 19.62 ± 0.71a 6.53 ± 0.12b 4.63 ± 0.12b 2.72 ± 0.04b 2.3 ± 0.08b
12 32.13 ± 1.14b 22.76 ± 1.93b 10.4 ± 0.43a 7.93 ± 0.12a 3.99 ± 0.07a 3.376 ± 0.11a
15 36.0 ± 1.15a 29.16 ± 1.02a 13.13 ± 0.6b 11.57 ± 0.74b 5.14 ± 0.14b 4.73 ± 0.06b
18 41.33 ± 1.65b 33.7 ± 1.02b 16.26 ± 0.89a 13.58 ± 0.84a 5.80 ± 0.14a 5.3 ± 0.08a
The values are the average of three samples ± standard deviation. For each parameter (C-control and T-turmeric treated) and each storage day, mean values
followed by different letters (a,b) indicate significant (p < 0.05) differences.
Los valores se representan como media de tres muestras ± desviación estándar. Para cada parámetro (C-control y T-tratado) y cada día de almacenamiento, los
valores medios seguidos de letras diferentes (a,b) muestran diferencias estadísticamente significativas (p < 0,05).
Table 2. Peroxide values (PV) and thiobarbituric acid index (TBA) content of turmeric-treated and control samples of cuttlefish during
18 days of ice storage.
Tabla 2. Índice de peróxidos (PV), y prueba del ácido tiobarbitúrico (TBA) en muestras controles y tratadas con extracto de cúrcuma
almacenados en refrigeración durante 18 días.
PV (meq O2/kg lipids) TBA (mg MAD/kg muscle)
Storage days C T C T
0 0.56 ± 0.01a 0.56 ± 0.01a 0.44 ± 0.01a 0.44 ± 0.01a
3 1.79 ± 0.01b 1.68 ± 0.01b 0.87 ± 0.01b 0.68 ± 0.00b
6 2.62 ± 0.02a 2.46 ± 0.16a 1.65 ± 0.01a 0.96 ± 0.01a
9 4.99 ± 0.33b 3.84 ± 0.04b 2.17 ± 0.01b 1.53 ± 0.12b
12 4.63 ± 0.06a 4.18 ± 0.05a 2.83 ± 0.03a 1.79 ± 0.01a
15 4.25 ± 0.14b 3.57 ± 0.09b 2.46 ± 0.02b 2.16 ± 0.01b
18 3.68 ± 0.05a 2.31 ± 0.18a 2.43 ± 0.16a 2.59 ± 0.01a
The values are the average of three samples ± standard deviation, n = 3. For each parameter (C-control and T-turmeric treated) and each
storage day, mean values followed by different letters (a,b) indicate significant (p < 0.05) differences.
Los valores se representan como media de tres muestras ± desviación estándar. Para cada parámetro (C-control y T-tratado) y cada día de
almacenamiento, los valores medios seguidos de letras diferentes (a,b) muestran diferencias estadísticamente significativas (p < 0,05).
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thereafter. Compared to the present results, Ozyurt, Kuley,
Ozkutuk, and Ozogul (2009) reported higher initial TBA-i values
of 0.51 and 0.57 mg MA/kg in red mullet (Mullus barbatus) and
goldband goatfish (Upeneus moluccensis), respectively.
Microbiological quality
Table 3 shows the microbial counts, including TVMC, TVPC,
Enterobacteriaceae, BAF, and Pseudomonas count during the
chilled storage of control and turmeric-treated S. brevimana
muscle. The overall microbial changes increased more signifi-
cantly in the controls than treated samples during chilled sto-
rage for all parameters after day 3. The control samples reached
>7 log CFU/g for all parameters, except Pseudomonas, at day 15
of storage, whereas the treated samples reached significantly
lower counts. Hu et al. (2012) demonstrated that TVMC are the
dominant bacteria found in octopus after 10 days of refrigerated
storage and after 24 h storage at 25°C. Kim et al. (2009) reported
that Enterobacteriaceae were the dominant microbial group
found throughout refrigerated storage and that BAF were
found during storage at 0, 4, 10, 15, and 20°C but not at 25°C.
In the current study, the turmeric-treated S. brevimana muscle
possessed antimicrobial effects against the tested bacteria and
enhanced the shelf life by up to 10 days compared to the control
samples. BAF increased rapidly in S. brevimanamuscle after day
12 of storage (Table 4), withmore than 6.65 log CFU/g BAF in the
control samples. Houicher, Kuley, Ozogul, and Bendeddouche
(2015) made a similar observation, whereby histamine content
increased suddenly in fish muscle after 14 days of storage when
the BAF number reached 6 log CFU/g in the controls and tested
samples of sardine. The results of the present study show that
the turmeric extract treatment decreased the microbial growth
and formation of BAs under chilled storage, probably due to
compounds in the turmeric extract that could delay BAF growth
and effectively control the activity of decarboxylase enzymes in
S. brevimana muscle during storage (Sathishkumar et al., 2015).
Determination of BA compounds
The concentrations of BAs in the control and turmeric-trea-
ted samples stored for 0–11 days at 4°C are given in Table 4.
At day 0, no differences were found in the BAs between
control and treated samples, with tryptamine the only
exception, which was significantly higher in the control
samples (0.78 ± 0.00 mg/100 g). This difference was also
observed at day 3 and later, with the tryptamine content
always higher in the control than in the turmeric extract-
treated samples. For the other BAs investigated, higher con-
tents were found in the controls than in the treated samples,
significantly so after day 3 for putrescine, after day 9 for
cadaverine, after day 12 for histamine and tyramine, and
after day 18 for spermine.
Histamine content in control samples gradually increased
to 7.08 ± 0.08 mg/100 g at the end of storage, while it
reached only 2.10 ± 0.08 mg/100 g in treated samples.
Overall, significant differences in histamine levels were
noticed between the control and turmeric-treated samples
(p < 0.05) after day 12 of storage. Additionally, spermidine
was not found in S. brevimana muscles during storage, and
spermine was present in control samples at day 15 and
reached 7.63 ± 0.01 mg/100 g at day 18. No spermine or
spermidine was produced in the turmeric-treated S. brevi-
mana muscle samples between 0 and 18 days of storage.
The results obtained in the present work align with those
previously reported by other authors for BAs in cephalopods.
Prester et al. (2011) reported that putrescine and other BAs
were found at <2.0 mg/100 g during squid decomposition.
Hu et al. (2012) reported BA contents ranging from 0.12 mg/
100 g (spermidine) to 2.55 mg/100 g (cadaverine) in octopus
during storage at 4°C for 10 days. Similarly, they found BAs
from 0.1 mg/100 g (spermidine) to 0.96 mg/100 g (putres-
cine) in squid after storage at 4°C for 10 days. Compared to
the present findings, Kim et al. (2009) also reported higher
BA contents, ranging from 0.56 mg/100 g (tyramine) to
4.51 mg/100 g (cadaverine) in Sepia officinalis. Prester
(2011) noted that histamine and putrescine were found in
European common squid at 1.53 and 0.83 mg/100 g, respec-
tively, at 22ºC prior to storage. These values increased after
12 h storage, to 1.97 mg/100 g for histamine, 2.93 mg/100 g
for putrescine, and 1.53 mg/100 g for tyramine.
The toxicity and defect histamine levels established for
tuna (Thunnus alalunga), mahi-mahi (Coryphaena hippurus),
and related marine fish are 50 and 5 mg/100 g, respectively
Table 3. Bacterial content (log10 CFU/g) of control and turmeric extract-
treated samples of S. brevimana during storage at 4°C for 18 days.
Tabla 3. Recuentos bacterianos (log10 CFU/g) de muestras de S. brevimana
controles y tratadas con extracto de cúrcuma almacenados a 4°C durante 18
dias.
Days at 4°C Controls Treated
Mesophilic bacteria
0 1.77 ± 0.01 1.88 ± 0.15
3 3.51 ± 0.09a 2.90 ± 0.08b
6 4.29 ± 0.13a 3.46 ± 0.20b
9 5.84 ± 0.06a 4.84 ± 0.60b
12 6.89 ± 0.05a 5.27 ± 0.11b
15 7.65 ± 0.16a 6.67 ± 0.16b
18 8.19 ± 0.17a 7.14 ± 0.46b
Psychrophilic bacteria
0 2.66 ± 0.08 2.58 ± 0.18
3 4.40 ± 0.11a 3.50 ± 0.05b
6 5.63 ± 0.14a 4.78 ± 0.08b
9 6.21 ± 0.01a 5.48 ± 0.04b
12 6.72 ± 0.15 6.74 ± 0.13
15 7.58 ± 0.32 7.17 ± 0.03
18 8.28 ± 0.13 8.18 ± 0.03
Enterobacteriaceae
0 1.45 ± 0.16 1.45 ± 0.16
3 3.06 ± 0.06a 2.52 ± 0.26b
6 4.72 ± 0.12a 3.83 ± 0.06b
9 5.85 ± 0.18a 4.50 ± 0.23b
12 6.79 ± 0.11a 5.53 ± 0.23b
15 7.30 ± 0.16a 6.28 ± 0.13b
18 8.03 ± 0.13a 7.06 ± 0.06b
Amine-forming bacteria
0 1.89 ± 0.17 1.91 ± 0.14
3 3.79 ± 0.30a 2.40 ± 0.09b
6 4.59 ± 0.21a 3.65 ± 0.08b
9 6.04 ± 0.39a 4.10 ± 0.09b
12 6.65 ± 0.19a 4.52 ± 0.20b
15 7.19 ± 0.08a 5.74 ± 0.06b
18 7.84 ± 0.08a 5.99 ± 0.41b
Pseudomonas
0 1.40 ± 0.26 1.49 ± 0.27
3 2.62 ± 0.12a 1.75 ± 0.17b
6 3.81 ± 0.05a 1.85 ± 0.08b
9 4.72 ± 0.19a 3.06 ± 0.12b
12 4.91 ± 0.25a 3.15 ± 0.03b
15 5.91 ± 0.15a 3.66 ± 0.15b
18 6.35 ± 0.22a 4.46 ± 0.22b
The values are the average of three samples ± standard deviation, n = 3. (a–b)
Average values followed by different letters shows significant differences
(p < 0.05).
Los valores se representan como media de tres muestras ± desviación
estándar. Los valores medios seguidos de letras diferentes (a,b) muestran
diferencias estadísticamente significativas (p < 0,05).
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(FDA, 2011). Thus, the combined effects of ice and turmeric
extract showed powerful effects against BAF and decreased
BAs, particularly histamine (Basniwal et al., 2011). In addition
to histamine poisoning, tyramine can cause high levels of
intoxication from seafood and fishery products. Tyramine
was initially detected in the control samples at day 12 at
3.37 ± 0.02 mg/100 g and reached a final level of
6.8 ± 0.08 mg/100 g on day 20. In contrast, the treated
samples contained 3.76 ± 0.03 mg tyramine/100 g at the
end of storage. The allowable limit of tyramine in marine
products is 10 mg/100 g (Ten-BrinK, Damirik, Joosten, & Huis
In’t Veld, 1990). Ozogul et al. (2011) stated that rosemary and
sage tea extract prevented fish spoilage and decreased tyr-
amine formation in sardines during storage. In the current
study, the antimicrobial properties of curcumin and curcu-
minoids present in turmeric possibly played a major role in
preventing tyramine formation in turmeric-treated S. brevi-
mana muscle samples during storage (Basniwal et al., 2011).
Conclusions
The combination of turmeric and low temperature controlled
the mesophilic, psychrophilic, BAF and Pseudomonas bacterial
growth; delayed the formation of negative biochemical para-
meters and BAs; and extended the shelf life of S. brevimana.
Based on the sensory evaluation, the turmeric coating
enhanced the shelf life of S. brevimana muscle without chan-
ging its appearance, flavor, and texture up to day 15 of storage
at 4°C. This study confirmed the biopreservative effect of
turmeric extract against spoilage bacteria and suggests its
potential use in the fish-processing industries.
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